There is a strong concern that technology is increasingly replacing routine tasks, displacing lower-skilled workers. Labor market institutions exist to protect workers from shocks but, by increasing labor costs, labor policy may also constrain firms from adjusting the workforce and, hence, from fully benefiting from technology adoption. We assess the link between access to digital technologies and the demand for skills in the largest Latin American country, Brazil. Between 1996 and 2006, the country experienced a period of strong growth in internet service provision, as well as in the enforcement of labor market regulations at the subnational level. Our empirical strategy exploits administrative data to assess the extent to which the adoption of digital technology affects employment and the skill content of jobs at the local level. In addition, we investigate whether the stringency of labor regulations influences this adjustment, by comparing the effect across industries subject to different degrees of enforcement of labor regulations. Using the fact that industries vary in the degree of reliance on digital technologies, our estimates suggest that digital technology adoption leads to a reduction in employment in local labor markets. The decrease in employment is larger for routine tasks, thereby shifting the composition of the workforce toward nonroutine, cognitive skills. However, and in contrast with labor policy intentions, our evidence points to the idea that labor market regulations differentially benefit the skilled workforce, particularly those workers employed in non-routine, cognitive tasks.
Introduction
Economists have long recognized the efficiency gains from technological change. However, there is also concern, in both developing and developed countries alike, that routine, manual tasks are increasingly being replaced by technology, displacing lower-skilled workers (Autor, Levy, and Murnane 2003) . Policymakers must weigh the broad economic benefits from technology adoption against the potential costs to the domestic economy. The gains from a more productive and flexible economy in the long run may be accompanied by short-term costs for workers, in terms of unemployment, income volatility, and poverty risk. Labor market institutions, including employment protection regulations, exist to protect workers from shocks, but they also have the unintended consequence of increasing the cost of labor for businesses. We analyze the impact that digital technology adoption has on local employment opportunities and on the employment composition of different skill groups. We pay special attention to the inherent policy trade-off-between job security for workers, on the one hand, and economy-wide productivity and growth, on the other hand-arguably one of the most prominent public policy debates around the globe.
Our paper exploits administrative data for Brazil, a country that underwent a substantive, subnational, internet rollout, as well as significant increases in the enforcement of labor market regulations between 1996 and 2006. We first assess the extent to which the adoption of digital technology affects the overall demand for workers and different types of skills. Our empirical strategy exploits the fact that industries vary in their degree of reliance on digital technologies. In particular, industries that intensively use technology located in cities with early provision of internet services are most likely to adopt digital technologies. In addition,
given the fact that de facto labor regulations are heterogeneous within the country 1 , we also explore the role of social protections in influencing the impact of digital technology on labor demand and on the demand for different skills.
Theoretically, the expected signs of these impacts are ambiguous. First, the effect of technology on labor demand depends on the degree to which workers are substitutes or complements for technology. In addition, it also depends on the degree to which technology allows businesses to become more efficient and thus expand output and employment.
Second, increased enforcement of regulations, on the one hand, raises the cost of maintaining a formal workforce, such that areas facing stricter enforcement will have increased difficulties in adjusting labor to technology shocks, limiting employment. On the other hand, labor laws purposefully improve job quality through worker protections, such that companies in strictly-enforced areas hire more, as workers view formal employment as a more attractive option than informal employment, and firms demand more workers to meet per-worker hour restrictions.
Our research linking access to digital technology and labor market outcomes is innovative for four main reasons. First, we exploit a matched employer-employee database from the Brazilian Ministry of Labor covering the formal-sector labor force, between 1996 and 2006, and match it with subnational data on the municipal rollout of internet service over time.
According to data from the Brazilian Census Bureau on the provision of internet services in each municipality, our time-period covers a significant expansion of internet services throughout the Brazilian economy. To our knowledge, we are the first to explore this unique data set with time-series and within-country variation in access to digital technologies. 2 Second, the administrative data allow us to analyze the impacts of digital technology adoption on the overall levels of employment at the city and industry level, across broad sectors and regions of the country. Third, we exploit a unique concordance between the Brazilian Classification of Occupations (CBO) and the U.S. Department of Labor's Occupational Information Network (O*NET) to assign a numerical index capturing the importance of distinct "activities" in each occupation. These skill indices allow us to construct measures of "routine" tasks and "non-routine" tasks used in each occupation. With these variables, we calculate each municipality-by-industry's average task intensity across 2 Dutz, et al. (2017) rely on a different database from Brazil to consider internet rollout over time and across municipalities in the country.
its workforce as the main dependent variables. Fourth, we match this data with administrative information on the enforcement of labor market regulations, captured by the municipal incidence of labor inspections (as published by the Brazilian Ministry of Labor).
Our empirical strategy to estimate the effect of digital technologies on employment and the demand for skills relies on substantial variation across municipalities and over time. The fact that the internet rollout varied across municipalities and over time makes it possible to control for municipality-specific and time-specific effects. We interact this main supply-side technology variable with industry-specific information on the demand for information and communications technology, relying on data from the Current Population Survey computer supplement, which asks workers whether they use a computer at their job. Industries that use information technology intensively and that are located in cities that have early access to internet services are likely early adopters of digital technologies. Therefore, the identification of the effect of technology uses across-municipality differences in internet services provision over time for industries that differentially use information technology.
Our work significantly contributes to a growing literature. While we are not the first to investigate the impact of digital technology on employment and the task content of occupations using micro data 3 , we are among the first papers to explore this question for an emerging economy. 4 Furthermore, to our knowledge we are the first paper allowing technology to impact industries differently depending on their exposure to labor market regulatory enforcement. Contrary to previous studies that rely on cross-country or acrossstate variation in existing de jure labor regulations 5 , we explore the fact that Brazilian employers are exposed to varying degrees of de facto labor regulations, measured by the number of Ministry of Labor inspections per establishment in the city and broad sector.
3 See, for example, Goos, Manning, and Salomons (2009 ), Böckerman, et al. (2016 ), and Akerman, et al. (2015 for research on industrialized countries. 4 To our knowledge, the only other paper assessing the impact of technology adoption on employment and the skill content of jobs in a developing country context is Almeida, Fernandes, and Violaz (2017) . However, unlike us, their work focuses on the medium-term impact of the adoption of an advanced software within firms. Unlike the Brazilian data, where there is detailed information on the occupational disaggregation within firms, the Chilean data is less detailed. 5 As examples, please see Besley and Burgess (2004) Among the set of non-routine tasks, tech-intensive industries increase their relative use of cognitive skills as compared to manual skills in the aftermath of technology adoption. In addition, the evidence shows that the stringency of the enforcement of labor market regulations at the subnational level matters. However, in contrast with labor policy intentions, our results suggest that labor market regulations differentially benefit the more skilled workforce, particularly those workers performing more non-routine and cognitive tasks.
The rest of this paper is organized as follows. Section 2 offers an overview of the main theoretical predictions, through the lens of the existing literature, relating technology adoption and the subnational enforcement of labor regulations to labor market outcomes.
Section 3 presents the main data sets and provides detailed descriptive statistics. In Section 4, we present our main reduced-form empirical model, while sections 5 and 6 describe our main results for the effects of technology across distinct regulatory environments, respectively. We offer conclusions and policy implications in the final section.
Theoretical Predictions
Digital technologies are one of the main drivers of the world economy today. The impact of technology on the labor market is a topic of continuous discussion. The debate is supported by the empirical relationship between the expansion of technology over the last decades and the coincident polarization of the labor force, leading to a decrease the share of middleskilled jobs, while the employment shares of high-skilled and low-skilled jobs increase (Autor, Levy, and Murnane 2003; Acemoglu and Autor 2011) . Though this correlation is wellestablished for developed countries, the evidence is still scarce for emerging economies.
There is also a large and growing literature on the implications of regulations on the labor market (e.g., Kugler (1999) , Kugler and Kugler (2009 ), Ahsan and Pages (2009 ), Petrin and Sivadasan (2013 , and several other studies cited in Heckman and Pages (2004)). However, Bertola, et al. (2000) suggest that differences in enforcement are as, or even more, important than differences in regulations for labor market outcomes.
In this section, we offer a brief overview of the theoretical arguments and empirical evidence linking labor market outcomes and technological change, relying heavily on existing literature. We also present a short summary of the theoretical predictions and empirical research on the labor market implications of regulatory enforcement. Generally speaking, we note that theory offers ambiguous predictions, and thus, these are inherently empirical research questions.
The effect of technical change on labor markets
Employment The effect of technology on overall labor demand is theoretically ambiguous.
Technology allows producers to become more efficient. A more efficient production process may allow companies to save on labor resources, increasing the use of technological capital, reducing overall employment. On the other hand, the productivity advances associated with technological change offer the opportunity to expand production and output with given resources. These output expansion effects may eventually help companies increase employment opportunities.
De Stefano, et al. (2014) find no evidence of such an effect for firms in the United Kingdom.
In their work, access to broadband internet infrastructure has no statistically significant effect on firm performance. Similarly, Dutz, et al. (2017) (2017)).
Skills
The theory considering the implications of technical change on employment shares across different skill groups is also theoretically ambiguous, depending on the degree to which workers are substitutes or complements for technology. For instance, digital technologies may replace more sophisticated, cognitively-oriented, skilled tasks, as computers substitute for skilled workers, suggesting a relative increase in the demand for unskilled workers. Alternatively, to the extent that higher-skilled workers complement the new computer-based tasks associated with digital technologies, and computers perform routine, codifiable tasks, substituting for lower-skilled workers, we may expect a relative increase in the demand for skilled workers performing non-routine, cognitive tasks with enhanced technologies.
While both effects may play a role, we hypothesize that the expansion of digital technologies shifts labor demand away from routine, manual tasks toward more non-routine, cognitive tasks, as skill-biased technology substitutes for routine work, following the work presented in Acemoglu and Autor (2011) . The authors propose a two-factor model where high-skilled and low-skilled jobs are imperfect substitutes and technology complements both types of workers. 6 In their framework, "routine-biased technological change," also known as the routinization hypothesis first introduced by Autor, Levy, and Murnane (2003) , is a main driver of job polarization. 7 The theory predicts that computers substitute for routine tasks and complement non-routine tasks. Therefore, the process of automation reduces the relative demand for routine tasks and raises the relative demand for non-routine tasks, contributing to job polarization by reducing employment opportunities in occupations that require routine tasks. (2015) find suggestive evidence that broadband internet adoption in Norway complements skilled workers in executing non-routine tasks and substitutes for unskilled workers performing routine tasks, consistent with the routinization hypothesis.
Research related to the routinization hypothesis in the developing world is scarce. Messina, et al. (2015) analyze the task content of jobs in Bolivia, Chile, Colombia, El Salvador, and
Mexico. According to their analysis, only Chile shows possible job polarization. 8 This runs 6 The authors argue that, in order to have a clear view about the effects of technical change on the labor market, it is important to propose a continuum of tasks. For this reason, the authors make a distinction between tasks and skills. Under this model, skill refers to the worker's capability for performing various tasks. Workers with a given skill level can change their set of tasks in order to respond to changes in labor market conditions and technology. 7 Like our work that follows, the authors classify tasks into two main groups: routine tasks and non-routine tasks. Routine tasks are rule-based activities that, once codifed, can be executed by a machine. Non-routine tasks either require intuition and problem-solving skills for the more abstract, cognitive, non-routine tasks, or situational adaptability and in-person interactions for the more manual, non-routine tasks. 8 The authors recognize that data constraints limit their results. Moreover, they are only able to present a snapshot of possible job polarization, because there was no information available in order to measure changes in polarization.
counter to evidence in Almeida, et al. (2017) (2016) analyze the impact of fast internet arrival on labor market outcomes for African countries. They point to a positive effect on employment, which is not homogeneous across skill levels. They use information on occupations to define skill levels, relying on standard aggregations that do not allow them to access the task content of a job, thus obstructing any attempt to test the routinization hypothesis any further.
Responses to labor market policy and enforcement
Employers weigh the costs and benefits of complying with labor regulation. They decide whether to hire formally, informally, or formally but without fully complying with specific features of the labor code (e.g., avoiding the provision of specific mandated benefits, such as health and safety conditions or maximum working lengths, or avoiding payments to social security). The expected cost of evading the law is a function of the monetary value of the penalties (fines and loss of reputation) and of the probability of being caught. In turn, the probability of being caught depends on the employer's characteristics (such as size and legal status) and on the degree of enforcement of regulation in the city where the employer is located.
To our knowledge, there are no theoretical or empirical papers assessing the impacts of technology according to industries' exposure to labor market regulatory enforcement. Here, we concentrate our theoretical analysis on the impact of enforcement on labor market outcomes and offer predictions for how the adjustment to a technology shock may altered by enforcement-first, for employment levels and second, for the relative demand for skill.
Employment Increased enforcement has two potentially confounding effects, leading to an ambiguous prediction. Stricter enforcement raises the cost of formal workers, in the sense that the higher the compliance with labor legislation, the higher the labor cost for firms.
Almeida and Carneiro (2009), Almeida and Carneiro (2012), and Almeida and Poole (2017) document evidences compatible with this view. These higher labor costs tend to increase the cost of adjustment for labor use. Hence, otherwise identical companies facing stricter enforcement of the labor law have difficulties in adjusting labor to shocks. If technology is a negative employment shock, tech-intensive industries in strict enforcement localities decrease formal employment by more than similar companies located in weakly-enforced municipalities. If technology expands output, leading to a positive employment shock, strictly-enforced industries will increase formal employment by less than industries in weakly-enforced areas.
However, because labor laws mandate worker protections, as well as restrictions on the hours of work per worker, stricter enforcement of labor regulations increases job quality (from the perspective of the worker) and the number of workers required to perform a complete 24-hour shift (from the perspective of the employer). Therefore, stricter enforcement could also imply that firms are more likely to register informal workers, an effect that could partially offset the previous one. It is not clear which impact would dominate, but our prior is that enforcement of labor regulation at the subnational level will inhibit formal labor adjustment, following the adoption of digital technology.
Skills
We argue the main theoretical predictions related to the impact of enforcement on skill composition depend on the relative cost to adjust labor across skill groups. It is plausible that at least some of the labor adjustment cost is proportional to the cost of labor, and would thus be higher for skilled (more experienced) workers than for unskilled workers. Hence, we conjecture that, following a technological shock, stringent enforcement of labor market regulations at the subnational level restrict needed labor adjustments relatively more for skilled workers than for unskilled workers in the formal sector. This is consistent with evidence presented in Montenegro and Pages (2004) . The authors provide support for the idea that labor market regulations reduce employment rates of the unskilled at the benefit of the skilled workforce. If this effect dominates, in response to the same technology shock, industries located in strongly-enforced municipalities should increase the relative demand for skills by more than industries located in weakly-enforced municipalities.
Data and Descriptive Statistics
Our main data are administrative records from Brazil for formal-sector workers linked to their employers. We characterize the tasks required in each worker's occupation, based on data describing the activities of similar occupations in the United States. We then aggregate the information on employment and skill intensity by each industry-municipality-year cell.
We merge these outcomes of interest to city-by-time information on the provision of internet services, to industry-specific information on the use of information and communications technology, and city-by-sector-by-year information on the enforcement of labor market regulations.
The sample period for analysis covers a significant expansion of digital technologies throughout the country, between 1996 and 2006. The fact that Brazil's internet rollout and regulatory enforcement vary across municipalities and over time allows us to examine the impact of digital technologies on labor demand and on the demand for tasks depending on the degree to which industries use information technology and face regulatory enforcement.
Matched employer-employee administrative data
We use data collected by the Brazilian Labor Ministry, which requires by law that all registered establishments report on their formal workforce in each year. This information has been collected in the administrative records Relação Anual de Informações Sociais (RAIS) since 1986. For our analysis, we use data from RAIS for the years 1996 through 2006, when we also have complementary information on regulatory enforcement and the provision of internet services.
The main benefit of the RAIS database is that both establishments and workers are uniquely identified. The data offer information on workers' skill levels, as defined by occupation and education, beyond many similar datasets, and also include the industry 9 and municipality of each establishment. We restrict observations as follows. First, we drop all data pertaining to the public sector and to the agricultural sector, as the Ministry of Labor has recognized issues of data quality pertaining to these two broad sectors of the economy. Moreover, labor adjustment in the public sector is not likely to respond to the same forces as labor adjustment in the private sector. Second, as is customary in the literature, we drop all establishments that have fewer than five employees.
At the beginning of our sample in 1996, the main employer-employee dataset includes over 14 million workers employed in 2,192 different occupations in approximately 440,000 establishments, producing in 544 4-digit CNAE industries and located in 4,229 municipalities across Brazil. By the end of our sample period in 2006, Brazil's formal labor force had grown significantly to almost 22 million workers employed in 2,217 occupations across around 750,000 establishments, producing in 529 industries and located in 4,868 municipalities.
Occupation-specific task data
9 The industrial classification available in RAIS is the 4-digit National Classification of Economic Activities (CNAE). O*NET offers "importance scores" ranging between 1 and 5 for 41 different "activities" associated with an occupation. A score of 1 means that a given activity is "Not Important" to the occupation, while a score of 5 means that a given activity is "Extremely Important" to the occupation. 10 Our main assumption in using data from the United States is that the same activities are required in similar occupations in Brazil. Even if the levels of such activities may be different across the two countries, we argue that the ranking of the importance of such tasks in similar occupations will not drastically differ. For this reason, we rely on O*NET's importance scores of different activities in U.S. occupations to characterize activities in Brazilian occupations. 11
In order to better interpret O*NET's ordinal importance score ranking across occupations, we standardize the scores into a normalized numerical index between 0 and 1, which relies on each occupation's share of employment in the pre-period year of 1995, following Peri and Sparber (2009). Denote the importance score for activity a in a 5-digit CBO occupation c by Sc,a and the employment share of occupation c in 1995 by Ec,95. We begin with an ordered vector of scores for a particular activity. The first element corresponds to the score related to the occupation with the highest score within a specific activity, while the last element corresponds to the score related to the occupation with the lowest score within the same activity, such that:
The components of the vector are then normalized as follows:
We implement this procedure for each of the 41 activities. The normalization allows us to speak to the relative importance of such a skill among Brazilian workers. For instance, a score of 0.05 suggests that only 5% of employed workers supply this skill less intensively, whereas a score of 0.95 suggests that few workers supply the skill more intensively.
Our interest in this paper is in how technology impacts routine, manual skills as compared to non-routine, cognitive skills; that is, our interest is in broader skill groupings than those described in the raw O*NET database. Therefore, we next aggregate across activities within a "bundle" for each occupation. We consider the following activity bundles: routine versus non-routine activities. Routine activities are further disaggregated into manual, routine activities and cognitive, routine activities. Non-routine activities are also further disaggregated into manual and cognitive activities. We then also distinguish between nonroutine, cognitive activities that are analytical versus non-routine, cognitive activities that are interactive or communications-oriented. Table 3 .1 displays our classification of the 41 O*NET activities into these six distinct bundles.
It is important to note that in contrast to some papers in the literature relying on O*NET data, we classify and make use of all O*NET activities, rather than hand-picking a select one or few.
We believe this strengthens the value of our results. As evidence of a high-quality match, Table 3 .2 reports the five Brazilian occupations with the strongest requirements for each broad activity bundle and the five Brazilian occupations with the weakest requirements for each broad activity bundle. Car washers and window washers are among the most routine occupations, while orchestral musicians and missionaries are among the least routine occupations in Brazil. By contrast, psychiatrists are highly non-routine task intensive and hand knitters are among the least non-routine task intensive occupations in Brazil.
Our main goal is to assess how intense such activity bundles are used by Brazilian establishments, firms, and industries, and whether the intensity changes over time in response to the adoption of digital technologies. The final step in calculating the dependent variables in our analysis aggregates over all workers (and their respective occupations) in an industry-municipality in a given year. Since the occupation information from O*NET is specific to the year 2000, the time variation in these dependent variables results as employers shift the workforce composition over time. In the first column of Table 3 .3, we
report average values across all establishments for the main dependent variable-the ratio of non-routine to routine tasks. We note that the relative value of non-routine to routine tasks is always less than one, signaling Brazil's comparative advantage in lower-skilled tasks due to an abundance of lower-skilled labor. However, over the ten-year time horizon, the relative importance of non-routine tasks in the workforce has steadily increased, by about two percentage points. whether the city has a company that provides internet services. We assume that no Brazilian city had access to internet services in 1996. The map in Figure 3 .1 illustrates the spread of the internet across the country over time. The darker areas of the map obtained internet services earlier than the lighter areas on the map.
Digital technologies data

Rollout of internet services
The white municipalities in the center of the country and remote Amazon region are those cities that by 2014 remain without internet service. A casual observation suggests no substantial clustering of the rollout, but this can be difficult to view given the geographic scope of the country. In Figure 3 .2, we illustrate the rollout of the internet in the most populous state, São Paulo. Even in this state, we notice considerable over time and across municipality variation. This is exactly the variation that we rely on in our paper.
Returning to Table 3 .3, we report the average non-routine-to-routine relative task intensity, conditioning on whether the city has internet service provision. Perhaps unsurprisingly, industries located in cities with internet access consistently employ higher shares of workers in non-routine tasks. All cities-those with and without internet-report shifts toward nonroutine tasks over time.
Industry-specific information technology intensity
We rely on data from the U.S.
Census Bureau's Current Population Survey, which in an October 2003 supplement asked households whether they use a computer at their current job. Aggregating across all workers within their reported industry categories, we calculate the share of workers in U.S. industries who report using a computer at work. This is our main measure of the industry's technological intensity following Oldenski (2014). We then rely on publicly-available concordances (Muendler 2002) to measure the intensity of technology use across over 100
Brazilian industries, based on the U.S. data. As with the O*NET data, our use of U.S. data assumes that while the levels of technology-intensity may be different for a given industry across the two countries, the ranking of industries by their information technology intensity is not different. The data report that the "electronic computer manufacturing" and "peripherals manufacturing for data processing equipment" rely most heavily on technology, with over 85 percent of workers reporting using a computer at work. "Farm machinery and equipment manufacturing," "paper manufacturing," and "paperboard containers and coated paperboard manufacturing" measure the least technology intensive industries, with less than 30 percent of workers reporting use of a computer at work.
Returning again to Table 3 .3, we report the average non-routine-to-routine relative task intensity, conditioning on whether the industry is technologically-intensive (as defined by the median value). Perhaps unsurprisingly, tech-intensive industries consistently employ higher shares of workers in non-routine tasks. The difference is increasing over time-techintensive industries employ relatively greater shares of non-routine skills over time as compared to non-tech-intensive industries. Our empirical strategy exploits both this demand side use of technology as well as the supply side access to technology to identify the technology shock.
Enforcement data
Changes to the Brazilian Federal Constitution labor law in 1988 were very favorable to workers. 12 Following these changes in the labor code, the cost of labor to employers increased. First, the employer's payroll contribution increased from 18% to 20%. Second, the penalty on the plant for dismissing the worker without cause increased from 10% to 40% of the total contributions to the severance fund, Fundo de Garantia do Tempo de Serviço 12 First, it reduced the maximum weekly working period from 48 to 44 hours. Second, it increased the overtime wage premium from 20% to 50% of the regular wage. Third, the maximum number of hours for a continuous work shift dropped from 8 to 6 hours. Fourth, maternity leave increased from 3 to 4 months. Finally, it increased one month's vacation time pay from 1 to 4/3 of a monthly wage.
(FGTS). 13 Employers in Brazil must also give advanced notice to workers in order to terminate employment. During this interim period, workers are granted up to two hours per day (25% of a regular working day) to search for a new job.
These de jure labor regulations are effective throughout the country. However, as the Ministry of Labor is designated with enforcing compliance with labor regulations, there is significant heterogeneity both within the country and over time in terms of how binding is the law. 14 An inspection can be triggered either by a random audit, or by a report (often anonymous) of non-compliance with the law. Workers, unions, the public prosecutor's office, or even the police can make reports. In practice, almost all of the inspected establishments are formal because it is difficult to visit a company that is not registered, since there are no records of its activity. Most of the inspections and subsequent fines for infractions in Brazil are to ensure compliance with workers' formal registration in the Ministry of Labor, contributions to the severance pay fund (FGTS), minimum wages, and maximum working lengths.
We explore administrative city-by-sector-level data on the enforcement of labor regulations, collected by the Brazilian Ministry of Labor. Data for the number of inspector visits are available by city and broad sectoral classification for the years 1996, 1998, 2000, 2002, 2004, and 2006 . For our analysis, we match the enforcement data to the RAIS data by the employer's municipal location and broad industrial classification. This information identifies industries facing varying degrees of regulatory enforcement.
We proxy the degree of regulatory enforcement with the intensity of labor inspections at the city-sector level. In particular, our main measure of enforcement, designed to capture the probability of a visit by labor inspectors to employers within a city-sector, is the logarithm of the number of labor inspections at the city-sector level (plus one) per establishment in the city and broad sector (in a pre-shock time period, 1995) based on RAIS. This scaled measure of inspections helps to control for important size differences across cities (i.e., that São Paulo has many inspections, but also many establishments to inspect). In addition, scaling by a prereform, time-invariant measure of city-sector size ensures that changes in our main enforcement measure are due to changes in inspections and not changes in the number of formal establishments in the city-sector. Moreover, the impact of such a measure will reflect the direct effect of inspections, as well as the perceived threat of inspections (even in the absence of establishment-specific inspections) based on inspections at neighboring companies. Table 3 .5 presents descriptive statistics on the enforcement data. Over time, as Brazilian regulators attempt to reach a larger share of the labor force, the number of cities with at least one inspection increased-from 46 percent in 1996 to 67 percent in 2006. As inspectors reach more and more cities, the average number of inspections per city-sector decreasedfrom 82 inspections per city-sector in 1996 to 73 inspections per city-sector in 2006. Our main measure is designed to capture the probability of inspection. In the third column, we scale the number of inspections by the size of the city-sector in 1995 (per 100 registered establishments in the city-sector). The probability of being inspected more than doubledfrom 11 inspections per 100 registered establishments to 23 inspections per 100 registered establishments-between 1996 and 2006.
Our identification relies on the across-city and over-time variation in labor market regulatory enforcement. The standard deviation reported in the fourth column signals the significant heterogeneity across city-sectors within each year. In Figure 3 .3, we note the substantial within-country variation in the intensity of enforcement across cities in Brazil. The top panel illustrates the number of inspections per Brazilian city in 1996, with darker shades portraying higher numbers. The bottom panel depicts the same statistic for the year 2012.
We remark on the variation across municipalities and over time. First, we observe the darkest areas of the map in the high-income Southern and Southeastern regions of the country. We also notice a darkening of the map over time as enforcement spreads to further parts of the country. Figure 3 .4 offers a clearer picture of the across city and over time variation in regulatory enforcement by focusing in on a single state, São Paulo.
Empirical Model
Our goal in this paper is to uncover how technology affects employment across different skillgroups. In addition, we consider the role of social protections in altering the effects of technology on employment and the demand for skills.
Baseline specification
We consider Brazil's internet rollout across cities and over time as the main technology shock and argue that a similar technology shock impacts industries differentially based on their reliance on information and communications technology. We begin with the following framework in mind:
where m indexes the municipal location, k indexes the (4-digit) industry, t indexes time, K denotes Brazil's 16 broad CNAE sectors, and s denotes the 37 states of the country. We relate the industry-city employment levels and task-intensity ( ) to the city-by-time-varying supply side technology shock, the provision of local internet services in a city and year as reported by IBGE (denoted as ). 1 reports the effects of the supply-side provision of internet services interacted with a time-invariant measure of the industry's technologicalintensity ( ), or the demand for digital technologies. In this sense, we argue that a similar technology shock of new internet services impacts industries differently depending on whether they require information and communications technology services.
Our baseline estimation also includes interactive city-industry fixed effects ( ) to capture time-invariant factors, such as the industry's unobserved underlying productivity or technology, or the city's unobserved level of development, which may influence both the employment levels and workforce composition (and, hence, task intensity), as well as the likelihood of adopting digital technologies. Because of this, the coefficient on a separatelyincluded industry-specific tech-intensity variable ( ) is unidentified, and the control is absorbed into the fixed effects. The effect of technology is then identified using acrossmunicipality differences in internet services provision over time for industries that differentially use information technology.
We also include state-sector-specific year dummies ( ) to control for the average effect of Brazil's many policy reforms over this time period which may vary by state and sector. The fact that the internet rollout varied across municipalities and over time, and technologyintensity varies across industries makes it possible to control for municipality-specific, industry-specific, and time-specific effects in this manner to identify the technology shock.
Tech-intensive industries located in cities with early provision of the internet are more likely to adopt digital technologies. Therefore, in interpreting our results, we concentrate on the impact of digital technologies in tech-intensive industries ( 1 + 2 ). As we discuss in Section 2, the expected sign on the sum of the coefficients is unclear when the outcome of interest is total municipality-industry employment. In the case that technology is labor-saving, allowing companies to produce the same amount with fewer workers than before, we expect a negative combined coefficient ( 1 + 2 < 0). On the contrary, positive employment effects of technological change ( 1 + 2 > 0) are expected, if increased efficiency enables companies to expand production. Following Acemoglu and Autor (2011), as well as much of the evidence from the developed world, we hypothesize that 1 + 2 > 0 when the dependent variable is the non-routine-to-routine relative task intensity, as employers use technology to replace routine tasks shifting the composition of the workforce toward non-routine tasks.
Enhanced specification
Equation (1) only considers the main technology shock. The degree to which employers adjust labor in response to such a shock depends on the stringency of labor market regulatory enforcement they face. We hypothesize that two identical employers may respond differently to such technology shocks depending on their exposure to labor market inspections. For this reason, we next adapt our baseline specification to include city-by-broad sector exposure to Ministry of Labor inspections as follows:
where all notation is as previously described. represents time-varying, municipalityby-broad sector-level enforcement of labor regulations, as captured by Ministry of Labor
inspections.
An important concern relates to the exogeneity of the variation in labor regulations across cities. In particular, enforcement may be stricter in cities where violations of the labor laws are more frequent or in cities where institutions are more developed. While it is true that violations of labor laws and better institutions are likely also correlated with labor market outcomes, we note that these are statements about the non-random cross-sectional variation in enforcement. The fact that specification (2) includes city-industry fixed effects helps to minimize any concerns regarding the endogeneity in the level of enforcement, as the main identification is based on changes in the enforcement of labor market regulations (Almeida and Poole 2017).
However, one could still question the exogeneity of changes in enforcement at the city-sector level. To the extent that these changes correlate with changes in labor market outcomes, our estimates may be biased. We note that our empirical methodology follows the program evaluation literature and relates quasi-exogenous technology changes to labor market outcomes over time, differentially for industries located in diverse policy environments-a triple-interaction effect. Like with equation (1), we are interested in the impact of digital technologies in tech-intensive industries (because tech-intensive industries located in areas with internet services provision are the likely adopters of digital technologies). In equation (2), we are also interested in how tech-intensive industries located in strictly-enforced labor market regulatory environments may respond to technology shocks differently than otherwise identical tech-intensive industries located in weakly-enforced labor market regulatory environments.
In order to interpret the results from equation (2), we derive the following effects. First, the impact of digital technologies in tech-intensive industries located in strictly-enforced cities (at the 90 th percentile of inspections) is calculated as follows:
where denotes the 90 th percentile of inspections in the data.
Similarly, we calculate the impact of digital technologies in tech-intensive industries located in weakly-enforced cities (at the 10 th percentile of inspections) as:
where denotes the 10 th percentile of inspections in the data.
Finally, we calculate the difference in the impact of digital technologies in tech-intensive industries located in strict versus weak enforcement areas as follows:
( 1 + 2 + 1 + 2 ) − ( 1 + 2 + 1 + 2 ) = 1 ( − ) + 2 ( − ).
We concentrate our interpretation of the differential impact of technology on labor market outcomes in different regulatory environments on this difference ( 1 ( − ) + 2 ( − )).
Recall from Section 2, there are two confounding effects of labor policy on levels of employment: the higher labor costs associated with stricter enforcement that may limit hiring and the impact on job quality improvements that induce formal work registrations (of otherwise informal workers). If the first effect dominates, otherwise identical companies facing stricter enforcement of the labor law have increased difficulties in adjusting labor to shocks, decreasing (increasing) formal employment by more (by less) than companies located in weakly-enforced municipalities. By contrast, when the latter effect dominates, in response to the same technology shock, we would expect to see a smaller (larger) decrease (increase) in employment in areas of the country exposed to stronger regulatory enforcement.
Considering the relative demand for skill as the outcome of interest, again the theory offers no solid projections. If labor policy intentions are confirmed, we expect that 1 ( − ) + 2 ( − ) < 0 when the dependent variable is the non-routine-to-routine relative task intensity. If labor market regulations reduce employment opportunities for the unskilled at the benefit of the skilled, following research by Montenegro and Pages (2004) , we predict that 1 ( − ) + 2 ( − ) > 0 when the dependent variable is the non-routine-to-routine relative task intensity. In the first case, the enforcement of labor market regulations stifles employment reductions in response to technology by more for workers in routine tasks, thereby shifting the composition of the workforce toward routine tasks in strict labor market environments. In the second setting, the enforcement of labor market regulations stifles employment reductions in response to technology by less for workers in routine tasks, thereby shifting the composition of the workforce toward non-routine tasks even more in strict labor market environments.
Baseline Results on the Effects of Digital Technology
Employment
First, we investigate the impact of internet technology on total employment levels in the cityindustry. Table 5 .1 reports results of equation (1) estimated by ordinary least squares, with standard errors clustered at the interactive city-industry level (the same level used to define the fixed effects following Bertrand, et al. (2004)). The dependent variable is the logarithm of total formal-sector employment in the city and industry. Our main parameter of interest is the overall impact of the internet on tech-intensive industries (those industries poised to adopt the new technology), or the sum of the coefficients ( 1 + 2 ). This coefficient sum is reported in the bottom portion of the table, along with the corresponding F-statistic and pvalue for the null hypothesis that the sum of the coefficients is equal to zero.
The results in column (1), pooling all broad sectors of the economy for an economy-wide analysis, point to a negative impact of digital technology on employment in tech-intensive industries, not only relative to non-tech-intensive industries ( 1 ), but also in absolute terms
( 1 + 2 ). Digital technologies, like the internet, allow employers to save on labor resources, reducing employment, presumably due to enhanced productivity. These results are important as they confirm the idea that in the short run, technology adoption may lead to substantive employment losses at the local level.
The remaining columns of Table 5 .1 show that the employment reductions associated with increased adoption of digital technologies are not driven by any particular broad sector of the economy. Rather, technology decreases employment in all four major sectors of the economy: manufacturing, services, construction, and wholesale and retail trade. The negative employment effects are strongest in the more non-tradeable sectors of the economy.
This makes economic sense, relying on the argument that the potential for output expansion opportunities (and hence offsetting employment expansion) are far less in non-tradeable sectors of the economy like construction and wholesale and retail trade, offering a plausible explanation for the larger negative employment effects of technology in these sectors. 15
Skills
We next consider whether skilled and unskilled workers face similar employment reductions. As we discuss earlier, the theoretical literature suggests that unskilled workers may fare worse with the introduction of new technologies, as they face more severe employment declines, because technology is complementary to high-skilled workers and substitutes for low-skilled workers. 16
Non-routine versus routine skills Table 5 .2 reports results from the estimation of equation (1) with dependent variables related to the skill-content of occupations as described in Section 3.2. Notably, column (1) reports results for our main dependent variable, the relative non-routine-to-routine task intensity, as we discuss in Section 4.1. The main results confirm the routinization hypothesis for Brazil. The employment reduction in response to technical change of skilled workers is much less than the employment reduction of unskilled workers, shifting the composition of the workforce toward non-routine tasks. This is evidenced in the statistically-significant and positive coefficient on the impact of technology in tech-intensive industries at the bottom of the first column.
Cognitive versus manual skills
The previous paragraph documented that increased access to technology shifts the composition of employment toward non-routine tasks. We now ask whether these findings hold for all types of non-routine and routine tasks. As we discuss in Section 3.2, and outline in Table 3 .1, we can decompose non-routine tasks and routine tasks into those tasks requiring cognitive abilities and those tasks requiring manual abilities. For instance, even among non-routine tasks, some require more problem-solving, cognitive skills, such as activities associated with analyzing data or information, while others are more manual in nature, like inspecting equipment, structures, or material. Controlling machines and processes is a routine activity that is highly manual, while documenting and recording information is a more cognitive, routine task.
In the second and third columns of Table 5 .2, we report results from specification (1) with the relative cognitive-to-manual skill intensity within non-routine and within routine tasks, respectively. These results illustrate that the shift toward non-routine tasks is driven by the relative decline in the intensity of the manual tasks for both non routine and routine tasks.
Non-routine, manual task intensity declines by more than non-routine, cognitive task intensity, shifting the composition of the non-routine workforce toward cognitive tasks.
Among routine tasks, routine, manual tasks also decline by more than routine, cognitive tasks, leading to an increase in the share of cognitive tasks within routine tasks. This is further support of the skill-biased nature of technological change.
Analytical versus interactive skills
Technology favors non-routine, cognitive tasks.
Some non-routine, cognitive skills require little to no interaction with other people and are highly analytical, activities similar to the ones this author is performing right now to write this paper-analyzing data and information and interacting with computers. Meanwhile, there are other non-routine, cognitive skills that require interaction and communication with others-such as those professions requiring communicating with supervisors, peers, or subordinates or teaching and training others. Despite the advances of computers, digital technology still has not yet fully mastered human interaction, suggesting that non-routine, cognitive, interactive skills may be some of the most important individual skill sets as digital technologies advance.
Exactly which types of non-routine, cognitive tasks do digital technologies support? The final column of Table 5 .2 presents results for a regression of equation (1) 
Heterogeneity of Impacts with Enforcement of Labor Regulations
In this section, we investigate the role of labor market regulatory enforcement, by discerning the effects of technology by the location of the employer. Table 6 .1 reports coefficients from the estimation of equation (2) 
Employment
Skills
Do labor policies matter to companies as they adjust the workforce toward non-routine tasks in response to the technology shock?
Non-routine versus routine skills Table 6 .2 reports results from the estimation of equation (2), with the dependent variables as in Table 5 .2. We focus in the first column on the relative non-routine-to-routine task intensity in the city and industry. Once again, we concentrate our analysis on the difference in the impact of the internet in tech-intensive industries located in cities at the 90 th percentile of enforcement relative to otherwise identical industries located in cities at the 10 th percentile of enforcement (highlighted in bold at the bottom of the table). We learned in Table 6 .1 that the decrease in employment in response to advances in technology occurred in both strictly-enforced and weakly-enforced cities. Table 6 .2 clearly demonstrates that the decrease in employment as a result of increased access to the internet in heavy enforcement areas of the country is solely driven by decreases in employment of unskilled workers performing routine tasks. This is consistent with evidence as reported in Montenegro and Pages (2004) .
Due to the enforcement bias in favor of skilled workers, we see that the shift in the composition of the workforce toward non-routine tasks found in Table 5 .2 in response to the technology shock is wholly driven by changes in strong labor market regulatory environments. Policy-makers often position and propose labor market policies to protect vulnerable workers. These results are in stark contrast to these ideas. Counter to the best policy intentions, our evidence points to the idea that labor market regulations differentially benefit the skilled workforce.
Cognitive versus manual skills
The previous paragraphs documented that increased access to technology shifts the composition of employment toward non-routine tasks, even more so in strict regulatory environments. In the next columns of Table 6 .2, we show this result holds across all types of non-routine and routine skills. Within non-routine tasks and within routine tasks, in all regulatory environments, technological change shifts the composition of the workforce toward skilled (cognitive) tasks and away from unskilled (manual) tasks.
Interestingly, the shift toward non-routine, cognitive tasks and away from non-routine, manual tasks is larger in weakly-regulated municipalities as compared to otherwise identical tech-intensive industries in strongly-regulated municipalities. Despite the strong evidence in favor of skill-biased regulations in the previous section, these results offer some evidence that employment protections are helping middle-skilled workers-those workers who perform non-routine, but manual tasks. By contrast, there is no statistical skill bias in labor policy when comparing routine, cognitive tasks and routine, manual tasks. The results suggest that regulatory enforcement does not differentially impact the routine cognitive versus manual skill composition of tech-intensive industries.
Analytical versus interactive skills
Labor market regulations tend to favor workers employed in the middle of the skill distribution-those workers employed in non-routine, manual tasks. Even still, in the final column of Table 5 .2, we consider whether labor market regulations promote certain non-routine, cognitive tasks over others? The answer is a clear no.
Conclusions and Policy Implications
There is a strong concern around the globe that technology is increasingly replacing routine tasks, displacing lower-skilled workers. Labor market institutions exist to protect workers from shocks but, by increasing costs, labor policy may also constrain firms from adjusting the workforce to fully benefit from technology adoption. We assess the link between access to digital technologies and the demand for skills in the largest Latin American country, Brazil.
Between 1996 and 2006, Brazil underwent a period of strong growth in internet service provision, as well as increased enforcement of labor market regulations at the subnational level. Our empirical strategy exploits administrative data to assess the extent to which the adoption of digital technology affects employment and the skill content of jobs at the local level. In addition, we investigate whether the stringency of labor regulations influences this adjustment, by comparing the effect across industries subject to different degrees of labor market regulatory enforcement.
Exploiting the fact that industries vary in the degree of reliance on digital technologies, our estimates suggest that digital technology adoption leads, in the short-run, to a reduction in employment in local labor markets. Tech-intensive industries reduce their reliance on both non-routine and routine tasks in the aftermath of the technology shock, but the decrease in employment is larger for routine tasks, thereby shifting the composition of the workforce toward non-routine, cognitive skills. In contrast with labor policy intentions, our evidence points to the idea that labor market regulations differentially benefit the skilled workforce, particularly those workers employed in non-routine, cognitive tasks. 
